We investigated whether a low fixed Tac starting dose regimen could lead to a better achievement of Tac target concentrations, as well as an effective immunosuppressive treatment, in Chinese kidney transplant recipients (KTRs).
Background
Tacrolimus (Tac) has a narrow therapeutic window and displays large pharmacokinetic variability [1] . Even with therapeutic drug monitoring (TDM), it can take up to 14 days to reach target concentrations [2] . Based on animal studies [3, 4] , the initial oral starting dose of Tac in the first clinical trials in humans was 0.15 mg/kg. At present, oral Tac therapy is initiated with a daily dose ranging from 0.10 to 0.20 mg/kg administered in 2 equally divided doses [5] . In most transplant centers, the Tac starting dose is calculated based on body weight [5] . However, dosing algorithms have demonstrated that body weight does not seem to have a statistically significant influence on Tac clearance [6, 7] , and the evidence that Tac elimination is linearly related to total body weight remains weak.
Underexposure to Tac may result in under-immunosuppression and acute rejection in transplant recipients, and overexposure puts patients at risk of Tac-related toxicity. The KDIGO Transplant Workgroup states that dosing of Tac is important and relatively under-investigated [3] . More and more studies proved that underexposure of Tac could be related to low body weight and overexposure to higher body weight in kidney transplant recipients if the Tac starting dose is only based on body weight [8] [9] [10] [11] . With global obesity on the rise, the number of overweight patients is likely to increase even further, raising questions whether it is wise to continue to base the Tac starting dose on body weight. Chinese patients generally weigh less and have smaller, less various body mass index (BMI) compared to white people. Furthermore, there are more cytochrome enzyme P 450 (CYP3A5) expressers in the Chinese population than in white cohorts [12] . Hence, the decision to select a Tac starting dose for Chinese renal transplant recipients might need to follow a different strategy. In this study, we aimed to investigate whether a low fixed Tac starting dose regimen could lead to a better achievement of Tac target concentrations, as well as an effective immunosuppressive treatment in Chinese renal transplant recipients.
Material and Methods

Patients
This was a retrospective study including 189 patients (146 males and 43 females) who underwent living donor renal transplantation in West China Hospital, from January 2014 to May 2015. Most of the patients (n=175) received either basiliximab or rabbit antithymocyte globulin (rATG) as induction treatment. All patients received a Tac-based immunosuppressive regimen (Tac+mycophenolate mofetil+prednisone) for maintenance treatment. The Tac starting dose was 2, 2.5 or 3 mg/day according to recipient hepatitis B status and the preference of the renal transplant team. There are 2 teams of doctors in our renal transplant center; one group prefers lower Tac starting dose (2 or 2.5mg per day) while the other one prefers a higher dose (3 mg per day). There were 17 recipients co-infected with hepatitis B virus (defined as hepatitis B surface antigen-positive), for whom the Tac starting dose was determined according to their hepatitis B virus e (HBe) antigen status. If the recipient's HBe antigen was positive, then we gave 2 mg/day of Tac; otherwise, we gave 2.5 or 3 mg/day. Tac was always dosed twice daily. Since more than 300 renal transplants are performed annually in our center, the routine blood tests including Tac C 0 are performed once every week during the post-transplant hospitalization to insure an efficient sequence. Hence, Tac C 0 was measured for the first time on the morning of post-operative day 7 after patients had received 12 unaltered doses of Tac. After day 7, the physicians could adjust the Tac dose based on whole-blood Tac trough concentration measurements to reach the target Tac pre-dose concentration range (5-8 ng/ml) at first steady-state. Delayed graft function (DGF) was defined as the need for dialysis within the first week after transplantation. Acute rejection (AR) was proved by renal allograft biopsy, or defined as acutely increased serum creatinine (Scr) level exclusive of other possible causes, which could be effectively treated by high-dose oral glucocorticoid or methylprednisolone pulse therapy. The AR data within the first year after transplantation of all the included recipients were recorded.
The markers of renal function, liver enzymes, blood glucose, and Tac blood concentration measurements Blood samples were collected before the morning dose of Tac. The Tac trough concentration (C 0 ) was measured in whole blood by the enzyme-multiplied immunoassay on a V-Twin device (Syva Company/SIMENS). Scr levels were measured by turbidimetric immunoassay on a COBAS device (Roche Diagnostics Limited Company, Germany). The estimated glomerular filtration rate (eGFR) was calculated by using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation: eGFR (ml/min/1.732)=a×(serum creatinine/b)c×(0.993) [13] .
Genomic DNA extraction
Preoperative blood samples (3 mL) were collected in EDTA tubes from the renal transplant recipients, and genomic DNA was isolated from the whole-blood samples using the wholeblood DNA kit (Biotake corporation, Beijing, China) and DNA was extracted according to the manufacturer's protocol. The concentration of DNA was diluted to 10 ng/μL for working solution and the isolated DNA was stored at -20°C.
CYP3A5 single nucleotide polymorphism (SNPs) measurements
CYP3A5 SNPs (6986A>G) was analyzed by polymerase chain reaction (PCR) and melting curve analyses under the same conditions in a 96-well plate on a Light Cycler480 device (Roche Diagnostics, Penzberg, Bavaria, Germany). The genotype of subset was defined according to known genotypes of controls.
Statistical analysis
Categorical variables are reported using frequency tables and percentages, and continuous variables are expressed as medians with ranges. Tac overexposure was defined as a Tac trough concentration above 8 ng/mL, and underexposure was defined as below 5 ng/mL. The correlation between Tac C 0 and body weight (or BMI) was investigated by calculating the goodness of fit. Data was analyzed using IBM SPSS version 21 (SPSS Inc., Chicago, IL). Descriptive statistics were generated. Multivariable logistic regression was performed to estimate the independent associated factors.
Results
Patient characteristics
For this post hoc analysis, data were available for 189 kidney transplant recipients. The median body weight was 58. . The demographic characteristics among patients with different Tac starting doses were comparable except for the percentage of co-infection with hepatitis B and the distribution of different induction treatment (Table 1) .
When the Tac C 0 at day 7 is compared between the 3 Tac dosing groups, it is clear from Table 2 that, on average, the C 0 was higher in patients who started with a daily dose of 3 mg Tac compared to patients who started with 2 mg or 2.5 mg. It is also clear that the lower starting dose of 2 mg led to a very high proportion (91.4%) of patients with a C 0 below the lower limit of the target range (5 ng/mL), and very few (1.4%) with a C 0 above 8 ng/mL. In contrast, for the patients who started with 3 mg per day, the proportions of patients with Tac C 0 below or above the target range is almost equal (34.6% and 26.9%).
According to recipients' CYP3A5 genotype, we divided the recipients into CYP3A5 expressers (CYP3A5 *3/*3, n=93) and non-expressers (CYP3A5 *1/*3 and *1/*1, n=96). A significant difference was found in Tac C 0 at day 7, with more underexposed patients among the CYP3A5 expressers and more overexposed patients among CYP3A5 non-expressers (Table 3) .
Bodyweight
We divided the 189 patients into 7 groups according to their body weight (<45 kg, 45-49 kg, 50-54 kg, 55-59 kg, 60-64 kg, 65-69 kg, and ³70 kg). Patients with different Tac starting doses (2 mg/kg and 3 mg/kg) were analyzed separately. For patients who received the same Tac starting dose, no significant difference was found in Tac C 0 at day 7 among different body weight groups. More than 80% of the patients who received Tac with a starting dose of 2 mg/day were underexposed regardless of the body weight. In comparison, patients with a Tac starting dose of 3 mg/day had a much lower percentage of underexposure (20-58.8%) and a higher percentage of target range achievement in each body weight group (0-61.1%). The highest percentage of patients within the target range was found in the 55-59 kg group (61.1%).
We further analyzed the achievement of Tac target range in each body weight group based on the recipients' genotype. For patients who received Tac with a starting dose of 2 mg/day, 84.6% of CYP3A5 non-expressers and 100% of CYP3A5 expressers were underexposed. For patients receiving 3 mg/day as the Tac starting dose, 44.6% of CYP3A5 non-expressers were overexposed, while 42.1% of CYP3A5 expressers were underexposed. Among CYP3A5 non-expressers, the Tac C 0 at day 7 decreased as the bodyweight increased ( Figure 1 ). This trend was not found among CYP3A5 expressers (Figure 1 ). However, there was no correlation between Tac C 0 and the bodyweight in either CYP3A5 non-expressers or CYP3A5 expressers (P>0.05). as BMI ³24 kg/m 2 . The achievement of Tac target C 0 in each BMI group was analyzed based on the different Tac starting doses (Table 4A-4C) . For patients who received the same Tac starting dose, no significant difference was found in Tac C 0 at day 7 among different BMI groups (Table 4A-4C ). The percentages of underexposed patients, patients within the target range, and overexposed patients were comparable among underweight, normal, and overweight patients. However, more than 80% of the patients who received a Tac starting dose of 2 mg/day were underexposed regardless of their BMI group (Table 4A) . In comparison, patients with a Tac starting dose of 3 mg/day had a much lower percentage of underexposure and a higher percentage of target range achievement in each BMI group (Table 4C) . For the association between BMI and Tac C 0 on post-transplant day 7 among patients with different CYP3A5 genotypes, a similar trend was found as that found between body weight and Tac C 0 on day 7 (Figure 2 ). However, no correlation was found between Tac C 0 and the BMI in either CYP3A5 non-expressers or CYP3A5 expressers (P>0.05).
BMI
Kidney function, Tac adverse effects, and the rate of acute rejection among renal transplant recipients
We classified the patients in 3 ways according to different factors, including Tac starting dose, Tac C 0 range at day 7, and CYP3A5 genotype. There was no significant difference in the Scr or eGFR at post-transplant day 7, day 30, or 1 year after transplantation among patients with different Tac starting dose, and we found no difference among the 3 Tac C 0 range groups (Tables 5, 6 ). The rates of DGF and AR within 30 days post-transplant were also comparable among these groups (Tables 5, 6 ). Although there was a significant difference in the Tac C 0 at day 7 between CYP3A5 non-expressers and expressers, the renal function after transplantation and the rates of DGF and AR within 30 days after transplant were all comparable between the 2 groups with different CYP3A5 expression ( Table 7) .
Multivariate logistic regression model
We chose age, sex, height, body weight, BMI, CYP3A5 genotype, biopsy-proven acute rejection (BPAR) rate, and Tac initial dose for univariate analysis with Tac C 0 . To identify independently associated factors with Tac C 0, we selected a multivariate logistic regression model using these parameters, whose P value was less than 0.3 in the univariate analysis. The multivariate analyses demonstrated that CYP3A5 genotype and Tac initial dose were independently associated with Tac C 0 in renal transplant recipients (Tables 8, 9 ).
Discussion
This study demonstrated that dosing Tac at a low, fixed dosage (2 mg/day) resulted in Tac underexposure in many patients, while increasing the Tac starting dose to 3 mg/day (also a low, fixed dosage) improved the achievement of Tac target C 0 and decreased Tac underexposure significantly. Few studies have investigated the association of body weight or BMI with Tac exposure at the first measured steady-state blood sample. Theoretically, for lipophilic drugs such as tacrolimus, the volume of distribution might increase as body weight increases, which would make dosing based on total body weight a reasonable approach. However, the results of several studies show that a Tac starting dose solely based on body weight might not be appropriate for overweight patients. Rodrigo that overweight renal transplant recipients are more prone to develop initial high exposure (C 0 >15 ng/mL) compared to non-overweight recipients [10] . Sawamoto et al. demonstrated that the average Tac maintenance dose in patients with a BMI greater than 25 is significantly lower than in patients with a BMI less than 25 [14] . Recently, Andrews et al. [15] confirmed that dosing Tac based solely on body weight results in overexposure in more than half of overweight or obese patients. Miyamoto et al. [16] reported that the Tac concentration in fat tissue was lower than expected based on the lipophilicity of the drug. These intra-fat tissue measurements also support the in vivo findings that dosing Tac entirely based on body weight tends to cause overexposure in obese patients. Tac binds to FK-binding protein (FKBP) to exert its immunosuppressive effect. Erythrocytes contain a high level of FKBP, and thus Tac is extensively distributed to the red blood cell compartment [17] . One could argue that the Tac initial dose should be based on the total number of erythrocytes, instead of the body weight. However, such a theoretical dosing basis is impractical in daily clinical work, especially since during surgery, substantial changes in hematocrit may occur. When deciding on the Tac starting dosage, racial differences are another factor that one <5 ng/ml n=107 5-8 ng/ml n=51 >8 ng/ml n=31 P [15] . Considering the limited evidence for dosing based on body weight, a low fixed Tac starting dose may be reasonable for Chinese transplant recipients. We showed that in patients who received the same Tac starting dose, no significant difference was found in Tac C 0 at day 7 among different body weight groups. Our results confirm that dosing Tac based on body weight is not a rational approach. We also confirmed the strong impact of CYP3A5 genotype on Tac pharmacokinetics. Further studies are required to identify the optimal fixed Tac starting dose that could improve the achievement of target Tac concentration among patients with different BMIs.
Many studies have shown that high Tac trough concentrations are associated with drug toxicity and adverse effects [18] [19] [20] [21] [22] [23] . Aiming for a lower Tac target concentration did not increase the incidence of acute rejection, although this was initially expected [24] [25] [26] . Several investigators have attempted to identify the optimal Tac concentration range with the lowest incidence of rejection and acceptable toxicity [27] [28] [29] . The findings of these reports were conflicting and limited by their retrospective design, limited numbers of patients, and different coimmunosuppressive medication. Recently, Bouamar et al. [26] pooled the data of 3 large randomized-controlled trials (RCTs) and studied the relationship between Tac exposure and the incidence of BPAR. They demonstrated that there was no association between Tac C 0 and the incidence of acute rejection. At present, the optimal target range of Tac C 0 remains controversial. In our study, a low fixed starting dose (2-3 mg/day) and a low target Tac C 0 range (5-8 ng/ml) were used, and most patients received basiliximab induction therapy. Although many patients (especially those receiving with 2 mg/day) were underexposed at day 7 (more than 50%), the Tac dosage was adjusted according to our target range immediately after the first measurement. Moreover, the eGFR levels, and the rates of DGF and AR within 30 days' post-transplant, among the 3 Tac C 0 range groups were not different. Meanwhile, there was no association of the Tac C 0 on post-transplant day 7 with the serum creatinine, eGFR levels, the rate of DGF, and the rate of AR. The above results indicated that the impact of such shortterm (1 week) Tac underexposure on the allograft outcome was limited and could be remedied by TDM. In view of the excellent outcome of patients with a Tac trough below 5 ng/mL on day 7, a lower Tac target concentration should be considered. However, to implement this strategy in clinical practice, such a reduced Tac target protocol first needs to be tested in well-designed clinical trials with sufficiently large sample size and longer follow-up.
A limitation of this study is that it was a post hoc analysis. It was unplanned and therefore the apparent differences and associations could be coincidental. Secondly, the Tac concentrations were measured with immunoassay instead of mass spectrometry, which is now considered the criterion standard. In our center, immunoassay was used for the routine determination of Tac concentration at the start of the trial. Many transplant centers worldwide still rely on immunoassays for TDM of Tac.
Conclusions
CYP3A5 genotype and Tac initial dose were independently associated with Tac C 0 in renal transplant recipients. A low Tac target C 0 range (5-8 ng/ml) with a low fixed starting dose (3 mg/day) might be safe and effective among Chinese kidney transplant recipients, although many recipients showed underexposure. More studies are required to explore the optimal fixed dose for Chinese kidney transplant recipients.
